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Problem Statement: 

Determine on-site storm water volumes that must be retained and size off-site storm water run-on control 
features. 

Method of Solution: 

Urban Hydrology for Small Watersheds, TR-55 
Haestad Methods - Flowmaster Software 

Assumptions: 

Soil type is the same throughout the site 
Soil Hydrological Group is B 
Storm water runoff in the HlClDrum Filling Area will be contain within its boundary by a berm. 
Storm water runoff in the Liquid Waste Storage Area will be contain within its’ boundary by a berm. 
The existing system carrying Storm water runoff from Basins 1 and 2 have the capacity to accept the flows. 

Sources of Formulas and References: 

INEEUBBWI Drawings 
Urban Hydrology for Small Watersheds, TR-55 
NOAA Atlas 2, Volume V, lsopluvials of 2yr./24 hr. Precipitation 
Site Photographs 
Information gathered from Site Visit 
Survey provided by INEEL 

Calculation: 

See Attachments 

Discussion: 

Six Basins were used to develop the storm water analysis for this site (see attached Basin Map). A 2yr/24hr 
storm was used to calculate the storm water volume and flow rate for each basin. All storm water will be kept 
on site. Offsite flows are diverted by the proposed V-ditches and discharge into existing systems. The new 
21” corrugated metal pipe culvert replacing the 8” and 15” pipe culverts crossing the site exceeds the capacity 
of the existing culverts. 

Storm water runoff from roof 616 will be captured in rain gutters and discharged offsite. 

Summary: 

Basin Number Peak Discharge (CFS) Storm water Volume (CF) 
1 0.027 116.2 
2 0.043 185.8 
3 0.123 299.7 

I4 1 0.065 I 200 I 
5 0.06 149 
6 0.280 694 
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V-Ditch at East Boundary: 
A one-foot deep v-ditch installed at 1% grade will adequately handle peak discharge rates for Basins 1 and 2. 

21” CMP: 
Pipe can handle 7.0 cfs at 0.67% grade. Pipe can handle a drainage area of 5 acres if a loo-year 24-hour 
storm occurred. Pipe can handle a drainage area of 75 acres if a Z-year 24-hour storm occurred. Mapping 
was not available to determine actual size of drainage area but field inspection indicates that drainage area is 
less than 5 acres; therefore, 21” CMP should be more than adequate. 
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Worksheet 2: Runoff curve number and runoff 

LOcat’On/d+j+j l/d FG //s I /da 40 

Check one: cl Present Id Developed 

Checked 

BASW / 

Date 

(COW )pe, batmet\ ard hyfrobgjcccndtbn; pazti 
imperbu; unome&d/carn~tedmpevviars sea rat@ 

u Use c&neCN socce pelim 
Totals r) l 29, 22.w 

zN(weigh$e) = totalproduct = 22.99 =79 ; 
totalarea - 2% UseCNe j] 

Frque~cy . . . . . . . . . . . . . . . . . . ..-......m............ 

Rahfal, P (24hou) . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rumf, Q . ..I...............-.................... 
(Use RndCN with tabP1, figre2-1, cr 
etydom 2-3 ed 2-9 

D-2 
S= /OUU 

- -/o Cd = ” ’ ‘(21~VI-TR-65, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) 

I 
Checked Date 

Check one: q Present CfL6eveloped 

Check one: 6 Tc q Ttthr ough subarea 

I Noies: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

Segment ID / 

1. Surface description (table 3-l) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,~J-YI L/C 1.3 /‘r L :. / 
I/ 

2. Manning’s roughness coefficient, n (table 3-l) . . . . . . . . . . l 0 ‘/ 

3. Flow length, L (total L T 300 ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft /bO 

4. Two-year 24-hour rainfall, P 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in /I ’ 

5. Land slope, s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft/ft e/33/3 

6. + 0.007 (nL) O-s Compute Tt . . . . . . . . . hr . 8 o ‘6 2 1 +I 

p, 0.5 so.4 
./b hf- = ./D 

Segment ID 

7. Surface description (paved or unpaved) . . . . . . . . . . . ..I....... 

8. Flow length, L . . . . . . . . . . . . . . . . . . . . . . . . ..-................................ ft 

9. Watercourse slope, s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft/ft 

10. Average velocity, V (figure 3-l) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft/s 

11. Tt= L Compute Tt . . . . . . . . . . . hr 
3600 V 

I+[ 

Segment ID 

12. Cross sectional flow area, a ................................. ft* 

13. Wetted perimeter, pw .............................................. ft 

14. Hydraulic radius, r= -% Compute r ......................... ft 

15 Channel slope, s Pw ..................................................... ft/ft 

16. Manning’s roughness coefficient, n ............................ 

17. v= 1.49r=s 1/2 Compute V ............... .ft/S 

18. Flowfength, Ln .......................................................... ft 

19. Tt= L Compute Tt .............. hr 
3600 V 

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) ....................................................... =H Hr ./I9 

(210~VI-TR-66, Second Ed., June 1986) 



Project 

Worksheet 4: Graphical Peak Discharge method 
BY Date 

Location Checked Date 

Check one: 0 Present w- Developed 

1. Data 

Drainage area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A,= 0. 000s mi2 (acresM0) 

I Runoff curve number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CN= .79 (From worksheet 2) 

I Time of concentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tc = * 10 hr (From worksheet 3) 
I 

I Rainfall distribution /I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = (I, IA, II III) 

Pond and swamp areas sprea 
throughout watershed . . . . . . . . . . . . . . . . . ..I............... = I3 percent of Am ( acres or mi2 covered) 

2. Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3. Rainfall, P (24-hour) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4. Initial abstraction, la . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in 0.532 
(Use CN with table 4-1) 

5. Compute la/ P I 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

6. Unit peak discharge, qu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._._......_........... csm/in 5qd _ 
(Use Tc and la/P with exhibit 4- 11 ) 

9 

7. Runoff, Q in l 
IO 

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

(From worksheet 2) Figure 2-6 

8. Pond and swamp adjustment factor, Fp 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . 
(Use percent pond and swamp area 
with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) 

9. Peak discharge, qp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f tys l 027 

(21~VI-TR-55, Second Ed., June 1086) 
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Worksheet 2: Runoff curve number and runoff 
Project BY Date 

Location Checked Date 

Check one: 0 Present 0 Developed 

(COW trpe, batmet\ ard hylrobgjccmdtbn; pecert 
imperious; unome&d/carnetedmpevi~s sea rati@ 

y Use c@oneCN sac peline 
Totals r) , SW 39. w 

CN(weight$) = totalproduct = 39 ’ 91 = ‘74 ; 
totahrea ,305 

UseCNI) 11 

Frqumcy . . . . . . . . . . . . . . . . . . ..-......w...s...s.... 

Rairfdl, P (24hou) . . . . . . ..I.................. 

Rumf, Q . ..I.................................... in o- IL? 
(Use RndCN with t&W, figre2-1, or 
eqdiors 2-3 ad 2-9 

(21~VI-TR-55, Second Ed., June 1086) 



Worksheet 3: Time of Concentration (T,) or travel time (Tt) 
Project BY Date 

I Location , 

I 
Checked 

I 
Date 

I Check one: q Present q Developed 

I Check one: OTC cl Ttthr ough subarea I 
I Notes: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. I 

Segment ID 

1. Surface description (table 3-l) ................................... 

2. Manning’s roughness coefficient, n (table 3-l) .......... 

3. Flow length, L (total L t 300 ft) ................................. fl 

4. Two-year 24-hour rainfall, P 2 .................................. in 

5. Land slope, s ........................................................ ftfft 

6. Tt= 0.007 (nL) O.’ Compute Tt ......... hr 

p, 0.5 so.4 

Segment ID 
7. Surface description (paved or unpaved) ..................... 

8. Flow length, L ........................................................... ft 

9. Watercourse slope, s ............................................ ftlft 

10. Average velocity, V (figure 3-l) ............................. ftJS 

11. Tt= L Compute Tt ........... hr 
3600 V 

I +I 

Segment ID 
12. Cross sectional flow area, a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ft2 I 
13. Wetted perimeter, pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

14. Hydraulic radius, r= -!- Compute r 

15 Channel slope, s 

. . . . . . . . . . . . . . . . . . . . . . . . . q----p 

. . . . . . pw . . . . . . . . . . . . . . . . . . . ..*.. . . . . . . . . . . . . . . . . . . . fm 

16. Manning’s roughness coefficient, n . . . . . . . . . . . . . . . . . . . . . . . . . . . . ! I 
17. v= 1.49?sln Compute V ............... .ft/S 

18. Flow-tength, Ln .......................................................... 

19. Tt= L Compute Tt .............. 

20. Waterst%?%r\ubarea Tc or Tt (add Tt in steps 6, 11, and 19) ....................................................... 

(210~VI-TR-55, Second Ed., June 1086) 



Worksheet 4: Graphical Peak Discharge method 

I Project BY 
I 
Date 

-I I 

Location Checked Date 

, 

Check one: 0 Present q Developed 

1. Data . 

Drainage area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I....... A,= o.DDO& mi* (acresHO) 

Runoff curve number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CN= 79 (From worksheet 2) 

Time of concentration 110 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tc = hr (From worksheet 3) 

Rainfall distribution = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Pond and swamp areas sprea 
throughout watershed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = 

/I (I, IA, II Ill) 

0 percent of Am ( acres or mi2 covered) 

Storm #1 storm #2 Storm #3 

2. Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.................................. Yr . 2 

3. Rainfall, P (24-hour) . . . . . . . . . . . . . . . . . . . . . . . . . ..-........................................ in / . I 

4. Initial abstraction, la . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in OtS3z 

(Use CN with table 4-l) 

5. Compute la/ P 156 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

6. Unit peak discharge, qu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.......... csm/in 550 
(Use Tc and la/P with exhibit 4- ) 

7. Runoff, Q  in t/a .,.................................................................................... 
(From worksheet 2) Figure 2-6 

8. Pond and swamp adjustment factor, Fp 0 ..e........................................ 
(Use percent pond and swamp area 
with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) , 

9. Peak discharge, qp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f&s ” 093 3 

Y- = l05,B CF 

(21~VI-TR-55, Second Ed., June 1986) 



Worksheet 2: Runoff curve number and runoff 
Project 

Locatlon 
. 

BY Date 

Checked Date 

Check one: q Present 0 Developed bAS/Ecl 3 

(COW $pe, tmtmel\ ard hyfrob&ccndtbn; pcoert 
imperiou; unome&d/ctnnctedmpevkus sea rat@ 

y Use c@cneCN sOtEe pelirre 
Totals I) 

zN(weight$) = totalproduct = = 
totalarea 

; Us&N* 19/ 

Frquexy . . . . . . . . . . ..I..............-.......-.... 

Rahf;ll, P (24hou) . . . . . . . ..I................. 

Rumf, Q . . . . . . . . . ..I............................ 
(Use WndCN with t&Y, fig&-l, cr 
erpstiors 2-3 ed 2-9 

D-2 (21~VI-TR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (T,) or travel time (Tt) 
Project BY Date 

I Location 
I 
Checked Date 

I 

Check one: q Present q Developed 

Check one: 0 Tc 0 Ttthr ough subarea 

Notes: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

Segment ID I I 
1. Surface description (table 3-l) ................................... F/G t 

2. Manning’s roughness coefficient, n (table 3-l) .......... l 0 / / 

3. Flow length, L (total L t 300 ft) ft 0 ................................. , 

4. Two-year 24-hour rainfall, P 2 .................................. in /* 1 

5. Land slope, s ........................................................ ft/ft 0 

6. Tt= 0.007 (nL) Oe8 Compute Tt hr . (3 ......... I +I 

Segment ID 

7. Surface description (paved or unpaved) ..................... 

6. Flow length, L ........................................................... ft 

9. Watercourse slope, s ............................................ fm 

10. Average velocity, V (figure 3-l) ............................. ftk 

11. Tt= L Compute Tt ........... hr 
3600 V 

1 +I -.=I 

Segment ID 

12. Cross sectional flow area, a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft2 

13. Wetted perimeter, pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft 

14. Hydraulic radius, r= 2 Compute r . . . . . . . . . . . . . . . . . . . . . . . . . ft , 

15 Channel slope, s Pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ftfft . 

16. Manning’s roughness coefficient, n q........................... 

17. v= 1.49r*sqn Compute V ............... At/S 

18. Pfowtength, Ln.. ........................................................ ft 

19. Tt= L Compute Tt .............. hr 

20. Waterst$%!r!ubarea T, or Tt (add Tt in steps 6, 11, and 19) ....................................................... 

(210~VI-TR-55, Second Ed., June 1986) 
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Worksheet 4: GraPhical Peak Discharge method 
Project 

Location 

1 

BY 

Checked 

v 

Date 

Date 

Check one: Cl Present c] Developed 

1. Data 

Drainage area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Am= 6 0 OC- 3 mi2 (acres&&O) 

Runoff curve number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CN = SI (From worksheet 2) 

Time of concentration 
L \o 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T, = hr (From worksheet 3) 

Rainfall distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = \I (I, IA, II Ill) 

Pond and swamp areas sprea 
throughout watershed 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = percent of Am ( acres or mi2 covered) 

2. Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3. Rainfall, P (24-hour) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

;;/ 

4. Initial abstraction, la . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in ObIqs 
(Use CN with table 4-1) 

5. Compute la/P 12z~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

6. Unit peak discharge, qu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . csm/in c q5 0 
(Use Tc and la / P with exhibit 4- \ \ ) 

4 

7. Runoff, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in, 14~ 
(From worksheet 2) Figure 2-6 

8. Pond and swamp adjustment factor, Fp 
0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(Use percent pond and swamp area 
with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) 

9. Peak discharge, qp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . fp(s # 12% 

( Where q, = q, &,, QF,, 1 

\rr? Q&+&&53.33 = , o&qAt.y \ 

294.3cg 

(21~VI-TR-55, Second Ed., June 1986) 



Worksheet 2: Runoff curve number and runoff 
Project BY Date 

Locatlon Checked Date 

Check one: cl Present 0 Developed BEa + 

u Use dycmeCN socce pelim 
Totals r) . /uz 9. 26 

CN(weighti) = totalproduct = 5726 = 91 

totalarea . /o-z 
; UseCNI) 19/ 

Frqumcy . . . . . . . . . . . . . . . . . . . . . . . . . ..w............ 

Rahfdl, P (24hov) . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rumf, Q . ..I.................................... 
(Use RmdCN with tabP1, fig&-l, or 
eqdbrs 2-3 ad 2-9 

s= u.w 
(21~VI-TR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) 
Project BY 

Location , Checked 

- 
Date 

Date 

Check one: 0 aveloped Present 

Check one: 0 Ttthr ough subarea 

I Notes: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

Segment ID , 

1. Surface description (table 3-1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,Qr4 de&, //Try 
d / 

2. Manning’s roughness coefficient, n (table 3-1) . . . . . . . . . . o.o// 

3. Flow length, L (total L t 300 ft) ..-..I........................... ft , 0 
4. Two-year 24-hour rainfall, P 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in /I / 

i. Land slope, s 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft/ft 

Segment ID 

7. Surface description (paved or unpaved) ..................... 

8. Flow length, L ........................................................... ft 

9. Watercourse slope, s ............................................ ftm 

10. Average velocity, V (figure 3-l) ............................. ftk 

11. Tt= L Compute Tt ........... hr 
3600 V 

1 +I =I 

Segment ID , 

12. Cross sectional flow area, a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . fl2 ; 

13. Wetted perimeter, pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft 

14. Hydraulic radius, r= -! Compute r . . . . . . . . . . . . . . . . . . . . . ..-. ft 

15 Channel slope, s Pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ftfft 

16. Manning’s roughness coefficient, n . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

17. v= 1.49r2/3s1/2 Compute V .*............ . A/S 

18. Rowtength, Ln . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft , I 
19. Tt= L Compute Tt . . . . . . . . . . . . . . hr 

20. Waterst$$%\ubarea T, or Tt (add Tt in steps 6, 11, and 19) 

I+[ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -=El . . Hr ./O 
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Project 

Worksheet 4: Graphical Peak Discharge method 
1 

BY Date 
/ 

Locatlon Checked Date 

Check one: q Present q Developed 

1. Data . 

Drainage area Am= 1 OOCJZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mi2 (acres/640) 

Runoff curve number _.....a.......................... CN = 41 (From worksheet 2) 

Time of concentration Tc = 1 P . . . . . ..-......................... hr (From worksheet 3) 

II 
Rainfall distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = (I, IA, II III) 

Pond and swamp areas sprea 
throughout watershed . . . . . . . . . . . . . . . . . ..I............... = percent of Am ( D acres or mi2 covered) 

2. Frequency _................................................-,................................. 

3. Rainfall, P (24-hour) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

;;I 

, 1 

4. Initial abstraction, la in oM%J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(Use CN with table 4-l) 

5. Compute la/ P , 2% 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-..................... 

6. Unit peak discharge, qu ._.........................- . . . . . . . . . . . . . . . . . . . . . . .._... csm/in WO 
(Use Tc and la / P with exhibit 4- ) 

7. Runoff, Q in 4 (33 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

(From worksheet 2) Figure 2-6 

8. Pond and swamp adjustment factor, Fp 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A 
(Use percent pond and swamp area 
with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) 

9. Peak discharge, qp . . . . . . . . . . . . . . ..f.................................................... fws, ,ObS 

( Where q, = qu A, QF, 1 

(21~VI-TR-55, Second Ed., June 1986) 



Worksheet 2: Runoff curve number and runoff 
Project 

Location 

BY 

I 
i Checked 

I 

Date 

Date 

Check one: cl Present 0 Developed 6AS/rc/ 5-- 

y Use obycneCN some pelim 
Totals I) .p/~ /2.7/ 

zhJ(weight$) = totalproduct = / 2, 7 / 

totalarea , /s/6 

-~--- 

stum #II Stcrm 12 stum w 

Frequmcy . . . . . . . . . . . . . . . . . . . . . . . . . ..m............ yr 2 I 

Rahf;LI, P (24hou) . . . . . . . . . . . ..I............. in /. 1 

Rumf, Q . . . . . . . . . . . . . . . . . .._.................... in ?j I * d 
(Use f3mdCN with tabP1, figue2-1, or 
eqstiors 2-3 ad 2-g 

Sr /* 49L7’3 
(210-VI-TR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) 
Project BY Date 

Location Checked Date 

1 I I 

Check one: q Present q Developed 

Check one: OTC q Ttthr ough subarea 

Notes: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

Segment ID , 

1. Surface description (table 3-l) . . . . . . .r%~~.!: . . . . . . . . . . . . 

2. 9 
. 4 r& !I-3 - 

Manning’s roughness coefficient, n (table 3-l) . . . . . . . . . . I 0 /I 

3. Flow length, L (total L t 300 ft) ft 25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4. Two-year 24-hour rainfall, P 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in /. 1 

Segment ID 

7. Surface description (paved or unpaved) ..................... 

8. Flow length, L ........................................................... ft 

9. Watercourse slope, s ............................................ ftlft 

10. Average velocity, V (figure 3-l) ............................. ftk 

11. Tt= L Compute Tt ........... hr 
3600 V 

Segment ID 

12. Cross sectional flow area, a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft2 L 

13. Wetted perimeter, pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft r 

14. Hydraulic radius, r= 2 Compute r . . . . . . . . . . . . . . . . . . . . . . . . . ft 

15 Channel slope, s Pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ftlft 

16. Manning’s roughness coefficient, n ............................ 

17. v= 1.49rU3sln Compute V ................ fth 

18. Fiowlength, Ln .......................................................... 

lg. Tt= L 
3600 V 

Compute Tt .............. 

20. Watershed or subarea T, or Tt (add Tt in steps 6, 11, and 19) ....................................................... 

(210.VI-TR-55, Second Ed., June 1986) 



Project 

Location 

Worksheet 4: Graphical Peak Discharge method 
BY Date 

Checked Date 

, 

Check one: 0 Present 

1. Data 

Drainage area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Am= ‘ omz3 mi2 (acres/640) 

Runoff curve number . . . . . . . . .._...................... CN = 3 7 (From worksheet 2) 

lime of concentration 
01 /o 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T, = hr (From worksheet 3) 

Rainfall distribution . . . . . . . .._...._._.............._....... = 

Pond and swamp areas sprea 
throughout watershed ,.................................. = 

Il (I, IA, II Ill) 

0 percent of Am ( acres or mi2 covered) 

2. Frequency .................................................................................... yr 

3. Rainfall, P (24-hour) .................................................................... 

in IS,” ~Storm#2 iStorm#3 / 

4. Initial abstraction, la in , 24s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(Use CN with table 4-1) 

5. Compute la/P l w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

6. Unit peak discharge, qu ._................................._......_.__.......... csm/in qL)o 
(Use Tc and la/P with exhibit 4- ) 

7. Runoff, Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-............................... in i 1281 
(From worksheet 2) Figure 2-6 

8. Pond and swamp adjustment factor, Fp v . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(Use percent pond and swamp area 
with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) 

9. Peak discharge, qp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-............. ftq/s * l O6  

( Where q, = qu Am QF,, 1 

(21~VI-TR-55, Second Ed., June 1986) 



Worksheet 2: Runoff curve number and runoff 
Project BY Date 

Location Checked Date 

Check one: 0 Present w Developed 

Cover dsoptbn 

(cosr )pe, t&met\ ard hyfrob~ccmdtim; pesert 
imperias; unome&d/cfnnt33edmpevi~s aea rat@ 

f+i#fGd .hc:“5 ’ 96 * 671 6.335 

g Use c@oneCN sme peline Totals I) , 757 65*677 

CbJ(weight$) = totalproduct = 6s 6 ‘77 = 87. /fis; 

totalarea 
UseCNe FI 

I 7-57 

Frqumcy . . . . . . . . . . . . . . . . . . . . . . . . . ..m...s...s.... 

Rahf;tl, P (24hou) . . . . . . . . . . . . . . . . . . . . . . . . . . . 

RUM, Q . . . . . . . . . ..I......._.................... 
(Use FBndCN with tabtY, figre2-1, or 
eqdiors 2-3 ed 2$ 

s= /*+?%3 
(210-VI-TR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) 

I Project BY Date 
I 

I Location , 
I 
Checked Date 

I 1 I 

Check one: 0 Present q Developed 

Segment ID 

1. Surface description (table 3-l) . . . . . . .&I.K.G.! . . . . . . . . . . . 
3 

2. Manning’s roughness coefficient, n (table 3-l) . . . . . . . . . . 

3. Flow length, L (total L T 300 ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft 

4. Two-year 24-hour rainfall, P, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in 

5. Land slope, s *. . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . fvft 

I 

Segment ID 

12. Cross sectional flow area, a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft2 

13. Wetted perimeter, pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft 

14. Hydraulic radius, r= -% Compute r . . . . . . . . . . . . . . . . . . . . . . . . . ft 

15 Channel slope, s Pw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ftm 

16. Manning’s roughness coefficient, n . . . . . . . . . ..-................ 

17. V= 1.49rms 1/2 Compute V . . . . . . . . . . . . . . . . ft/S 

18. Fiowfength, Ln . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft 

19. Tt= L Compute Tt . . . . . . . . . . . . . . hr 

20. Watersf$%!r\ubarea Tc or Tt (add Tt in steps 6, 11, and 19) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hr El Of/O 
(210~VI-TR-65, Second Ed., June 1986) 



Worksheet 4: Graphical Peak Discharge method 
Project 

Location 

BY Date 

Checked Date 

Check one: q Present 0 Developed 

1. Data . 

Drainage area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Am= c 0 9 ( 0 6 ? mi2 (acres/640) 

Runoff curve number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CN = 83 (From worksheet 2) 

Time of concentration T, = I IO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . hr (From worksheet 3) 
;- 

Rainfall distribution I\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = (I, IA, II Ill) 

Pond and swamp areas sprea 
throughout watershed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . = percent of Am ( U acres or mi2 covered) 

2. Frequency .................................................................................... yr 

3. Rainfall, P (24-hour) .................................................................... 

i” 

4. Initial abstraction, la in .zw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(Use CN with table 4-l) 

5. Compute la/P 0 300 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.  
,  7 

6. Unit peak discharge, qu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . csm/in 0150 , 
(Use T, and la/P with exhibit 4- 1 I ) 

7. Runoff, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-............................... in OfZr;l 
(From worksheet 2) Figure 2-6 

8. Pond and swamp adjustment factor, Fp 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(Use percent pond and swamp area 
with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) 

9. Peak discharge, qp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ft% e 2% 

(21~VI-TR-55, Second Ed., June 1986) 



TOURISM: 

800.847.4843 . 

208.334.2470 
ROAD CONDITIONS: 

208.336.6600 (WINTER 
MI Bo 

+ru 30 

80 208.376.8028 (-ROISE) 
bo 

208.772.1200 (COEUR D’ALENE) 
208-239.3300 (POCATELLO) - -. . _ ,~- -* -w ’ 
208.239.3307 (POCATELLO) 

-- 
- 

ROAD CONSTRUCTION: 
208.334.8888 33 
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Chapter 4 Graphical Peak Dischage Method Technical Release 55 
Urban Hydrology For Small Watersheds 

Exhibit 4-11 Unit peal discharge (q,,) for NRCS (SCS) type II rainfall distribution 

(u!/ur~a) ‘(“b) a6reqmp yead gun 
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Chapter 4 Graphical Peak Discharge Method 

This chapter presents the Graphical Peak Discharge 
method for computing peak discharge from rural and 
urban areas. The Graphical method was developed 
from hydrograph analyses using TR-20, “Computer 
Program for Project Formulation-Hydrology” (SCS 
1983). The peak discharge equation used is: 

q, = w4nQFp [eq. 4-l) 

where: 

qp = peak discharge (fts/s) 

A; 
= unit peak discharge (csm/in) 
= drainage area (mi2) 

Q= runoff (in) 
F,= pond and swamp adjustment factor 

The input requirements for the Graphical method are 
as follows: (1) Tc (hr), (2) drainage area (mi*), (3) 
appropriate rainfall distribution (I, IA, II, or III), (4) 24- 
hour rainfall (in), and (5) CN. If pond and swamp 
areas are spread throughout the watershed and are not 
considered in the Tc computation, an adjustment for 
pond and swamp areas is also needed. 

Peak discharge computation 

For a selected rainfall frequency, the 24-hour rainfall 
(p) is obtained from appendix B or more detailed local 
precipitation maps. CNand total runoff (Q) for the 
watershed are computed according to the methods 
outlined in chapter 2. The CN is used to determine the 
initial abstraction (IJ from table 4-1. 
Idpis then computed. 

If the computed Iflratio is outside the range in 
exhibit 4 (4-I. 4-IA, 4-11, and 4-111) for the rainfall distri- 
bution of interest, then the limiting value should be 
used. If the ratio falls between the limiting values, use 
linear interpolation. Figure 4-l illustrates the sensitiv- 
ity of 18 to CN and P. 

Peak discharge per square mile per inch of runoff (qu) 
is obtained from exhibit 4-1,4-IA, 4-11, or 4-111 by using 
Tc (chapter 3)) rainfall distribution type, and Iflratio. 
The pond and swamp adjustment factor is obtained 
from table 4-2 (rounded to the nearest table value). 
Use worksheet 4 in appendix D to aid in computing the 
peak discharge using the Graphical method. 

Figure 4-l Variation of I, for Pand CN 

0.8- 

0.6- 
0 
‘m 

0.4- 

Rainfall (P), inches 

Table 4-1 I, values for runoff curve numbers 
- - 

Curve I- 
number (in) 

40 . . . . . . . . . . . . . . . . . . . . . . 3.000 
41 . . . . . . . . . . . . . . . . . . . . . . 2.878 
42 . . . . . . . . . . . . . . . . . . . ..e 2.762 
43 . . . . . . . . . . . . . . . . . . . . . . 2.651 
44 . . . . . . . . . . . . . . . . . . . . . . 2.545 
45 . . . . . . . . . . . . . . . . . . . . . . 2.444 
46 . . . . . . . . . . . . . . . . . . . . . . 2.348 
47 . . . . . . . . . . . . . . . . . . . . . . 2.255 
48 . . . . . . . . . . . . . . . . . . . . . . 2.167 
49 . . . . . . . . . . . . . . . . . . . . . . 2.082 
50 . . . . . . . . . . . . . . . . . . . . . . 2.000 
51 . . . . . . . . . . . . . . . . . . . . . . 1.922 
52 . . . . . . . . . . . . . . . . . . . . . . 1.846 
53 . . . . . . . . . . . . . . . . . . . . . . 1.774 
54 . . . . . . . . . . . . . . . . . . . . . . 1.704 
55 . . . . . . . . . . . . . . . . . . . . . . 1.636 
56 . . . . . . . . . . . . . . . . . . . . . . 1.571 
57 . . . . . . . . . . . . . . . . . . . . . . 1.509 
58 . . . . . . . . . . . . . . . . . . . . . . 1.448 
59 . . . . . . . . . . . . . . . . . . . . . . 1.390 
60 . . . . . . . . . . . . . . . . . . . . . . 1.333 
61 . . . . . . . . . . . . . . . . . . . . . . 1.279 
62 . . . . . . . . . . . . . . . . . . . . . . 1.226 
63 . . . . . . . . . . . . . . . . . . . . . . 1.175 
64 . . . . . . . . . . . . . . . . . . . . . . 1.125 
65 . . . . . . . . . . . . . . . . . . . . . . 1.077 
66 . . . . . . . . . . . . . . . . . . . . . . 1.030 
67 . . . . . . . . . . . . . . . . . . . . . . 0.985 
68 . . . . . . . . . . . . . . . . . . . . . . 0.941 
69 . . . . . .._.............. 0. 899 

Curve G 
number (in) 

70 . . . . . . . . . . . . . . . . . . . . . . 0.857 
71 .e.................... 0.857 
72 . . . . . . . . . . . . . . . . . . . . . . 0.817 
73 . . . . . . . . . . . . . . . . . . . . . . 0.778 
74 . . . . . . . . . . . . . . . . . . . . . . 0.703 
75 . . . . . . . . . . . . . . . . . . . . . . 0.667 
76 . . . . . . . . . . . . . . . . . . . . . . 0.632 
77 . . . . . . . . . . . . . . ..-..... 0.597 
78 . . . . . . . . . . . . . . . . . . . . . . 0.564 
79 . . . . . . . . . . . . . . . . . . . . . . 0.532 
80 . . . . . . . . . . . . . . . . . . . . . . 0.500 
81 . . . . . . . . . . . . . . . . . . . . . . 0.469 
82 . . . . . . . . . ..*.......... 0.439 
83 . . . . . . . . . . . . . . . . . . . . . . 0.410 
84 . . . . . . . . . . . . . . . . . . . . . . 0.381 
85 . . . . . . . . . . . . . . . . . . . . . . 0.353 
86 . . . . . . . . . . . . . . .._..... 0.326 
87 . . . . . . . . . . . . . . . . . . . . . . 0.299 
88 . . . . . . . . . . . . . . . . . . . . . . 0.273 
89 . . . . . . . . . . . . . . . . . . . . . . 0.247 
90 . . . . . . . . . . . . . . . . . . . . . . 0.222 
91 . . . . . . . . . . . . . . . . . . . . . . 0.198 
92 . . . . . . . . . . . . . . . . . . . . . . 0.174 
93 . . . . . . . . . . . . . . . . . . . . . . 0.151 
94 . . . . . . . . . . . . . . . . . . . . . . 0.128 
95 . . . . . . . . . . . . . . . . . . . . . . 0.105 
96 . . . . . . . . . . . . . . . . . . . . . . 0.083 
97 . . . . . . . . . . . . . . . . . . . . . . 0.062 
98 . . . . . . . . . . . . . . . . . . . . . . 0.041 

(210-VI-TR-55. Second Ed., June 1986) 



2jjbFBz 
SHEET of - 

CLIENT/SUBJECT W.O. NO. 

TASK DESCRIPTION TASK NO. 

PREPAREDBY DEPT 

MATH CHECK BY DEPT 

METHOD REV. BY DEPT DATE DEPT -DATE 



Basin 1 V-Ditch 
Worksheet for Triangular Channel 

Proiect Descriotion 
Project File c:\haestad\fmw\vtank.fmZ 
Worksheet V-ditch at East Boundary 
Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Equal Side Slopes 

Input Data 
Mannings Coefficient 
Channel Slope 
Depth 
Discharge 0.03 cfs 

0.022 
0.010000 ftm 
1.00 ft 

Results 
Left Side Slope 
Right Side Slope 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is subcritical. 

0.048049 H : V 
0.048049 H : V 
0.05 ft* 
2.00 ft 
0.10 ft 
0.46 ft 
0.662071 ft/ft 
0.56 ft/s 
0.49e-2 ft 
1.00 ft 
0.14 
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Basin 2 V-Ditch 
Worksheet for Triangular Channel 

Proiect Description 
Project File c:\haestad\fmw\vtank.fm2 
Worksheet V-ditch at East Boundary 
Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Eaual Side Slopes 

Input Data 
Mannings Coefficient 
Channel Slope 
Depth 
Discharge 

0.022 
0.010000 ftm 
1.00 ft 
0.04 cfs 

Results 
Left Side Slope 0.063902 H : V 
Right Side Slope 0.063902 H : V 
Flow Area 0.06 ft* 
Wetted Perimeter 2.00 ft 
Top Width 0.13 ft 
Critical Depth 0.49 ft 
Critical Slope 0.441963 ft/ft 
Velocity 0.68 ft/s 
Velocity Head 0.01 ft 
Specific Energy 1.01 ft 
Froude Number 0.17 
Flow is subcritical. 

05/31/01 
06:51:28 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 

FlowMaster ~5.11 



3/ OF 3% 
SHEET - of - 

CLIENT/SUBJECT W.O. NO. 

TASK DESCRIPTION -TASK NO. 

PREPAREDBY DEPT 

MATH CHECK BY DEPT 

METHOD REV. BY DEPT 

RFW 10-05-003/A-5/85 
512-5643 



Proiect Descriotion 
Project File c:\haestad\fmw\temp.fm2 
Worksheet 2 1” pipe 
Flow Element Circular Channel 
Method Manning’s Formula 
Solve For Full Flow Capacity 

Input Data 
Mannings Coefficient 
Channel Slope 
Diameter 

0.024 
0.006700 ft/ft 

21 .oo in 

Results 
Depth 
Discharge 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Percent Full 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Maximum Discharge 
Full Flow Capacity 

Worksheet 
Worksheet for Circular Channel 

1.75 ft 
7.02 cfs 
2.41 ft* 
5.50 ft 
0.00 ft 
0.98 ft 

100.00 
0.018413 ft/ft 
2.92 ftls 
0.13 ft 

FULL ft 
FULL 

7.56 cfs 
7.02 cfs 

Full Flow Slope 0.006700 ft/ft 
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